INTRODUCTION
Experimental design methodology or design of experiments (DOE) has been proven a powerful tool in research and development and is used to correlate the relationship between independent variables (factors) i.e. critical to process (CTPs) and dependent variables (responses) i.e. critical to quality (CTQs). DOE is an important and systematic tool used in quality by design system and implemented to draw statistical interpretations with minimum number of experiments to estimate design space (Antony, 2014; Zhang and Mao, 2016) . Different types of designs are used in pharmaceutical research and development for optimization of formulations with less runs, traces problems and statistically desired solution. A factorial design is used to understand the effect of two or more independent variables upon dependent variables and suitable for understanding the interaction of variables (Lewis et al., 1998; Neves et al., 2014) .
Chitosan is a polysaccharide, biodegradable, biocompatible, cationic polymer comprises of copolymers of glucosamine and N-acetyl glucosamine linked by β-(1-4) linkages. Chitosan obtained by partial deacetylation of chitin obtained from crustacean sea animals. Its versatility and abundance render its wide application in pharmaceutical, cosmeceutical and biomedical engineering. It is commercially available in various grades with different molecular weights and degrees of deacetylation (Amidi et al., 2010; Mincea et al., 2012; Tiyaboonchai, 2003) .
Chitosan nanoparticles are most commonly used in targeted drug delivery due to its biodegradability and advantageous over lipidic nanoparticles with respect to its long shelf life and maximum drug entrapment (Agnihotri et al., 2004; Christoper et al., 2014) .
Zolmitriptan (ZMT) is a second-generation triptan derivatives, selective serotonin 5-HT receptor agonist used in all types of migraine patients. (Charlesworth and Dowson., 2002) . Patients with migraine generally suffer from nausea and vomiting; oral dosage forms can therefore be inconvenient or unacceptable (Uemura et al., 2005 ). An intranasal administration of ZMT offers advantages to patients, particularly those seeking a more rapid onset of effect (Goadsby and Yates, 2006) . The rapid clearance of the drug from the nasal cavity and hepatic metabolism could lead to only 40% absolute bioavailability by nasal and oral administration. The ZMT has short half-life of 2.5-3 h (Dixon and Warrander, 1997) .
The objective of the present study relates to development and evaluation of chitosan nanocarriers of ZMT using 3 2 factorial design of experiments as a quality by design tool. The study reveals the effect of independent variables namely concentration of chitosan and sodium tripoly phosphate (STPP) cross linker on nanoparticle size and entrapment efficiency.
MATERIALS AND METHODS

Materials
ZMT was obtained from Cipla Ltd, Mumbai, India, chitosan (viscosity 35 cps, deacetylation degree 95%) was purchased from Loba Chemie, Mumbai, India. STPP, glacial acetic acid, potassium dihydrogen phosphate, sodium hydroxide and all other chemicals were of analytical grade, purchased from Loba Chemie, Mumbai, India.
Drug-polymer interaction studies
The differential scanning calorimetry (DSC) thermograms of pure ZMT and physical mixtures of the drug with excipients were recorded by using a DSC (DSC 823 Mettler Toledo, Japan) equipped with the computerized data station. The same mixtures were also analyzed for IR spectra
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analysis using FTIR spectrophotometer (Perkin Elmer, Spectrum BX, USA) over the frequency range of 4000-500 cm -1 .
Preparation of ZMT loaded Nanoparticles
Chitosan nanoparticles were prepared by ionic gelation of chitosan with STPP (Koukaras et al., 2012) (Wang et al., 2008) . Different concentrations of chitosan (1-3 mg/ml) were dissolved in 1% v/v aqueous acetic solution and ZMT was dissolved in the solutions. The ZMT-chitosan solution was vortexed by using a cyclomixer (Cyclo CM101, Remi Equipments, Mumbai, India). The STPP solution (0.5-2 mg/ml) was gently added to the ZMT-chitosan solution during vortexing to form nanoparticles further these are freeze dried (Christ Alpha 1-4 LD, Germany) (Mandlik et al., 2013) .
Factorial Design of Experiments
A two factor, three level factorial design was implemented to study the individual effects of each factor and their interaction on the characteristics of nanoparticles (Parhi et al., 2015; Mehta et al., 2007) . The independent variables, X1 chitosan and X2 STPP concentrations were set at three levels to obtain nine possible runs. The critical quality attributes of nanoparticles were Y1 particle size (PS) and Y2 entrapment efficiency (EE) and thus were selected as the response variables. A 3 2 factorial design design matrix is summerized in Table 1 and 2.
Particle size analysis
The particle size analysis of all nine runs was measured using laser diffraction technique (Helos, Sympatec GmbH, Germany). All measurements were performed in triplicate.
Entrapment efficiency (EE)
The amount of ZMT entrapped in chitosan nanoparticles was determined by indirect method (Wang et al., 2008 ). An aliquot of the supernatant containing the free drug was collected immediately after ultracentrifugation (412LAC, Remi Equipments, Mumbai, India) of nanosuspension and analyzed by UV spectrophotometry at 222 nm. All measurements were performed in triplicate. The entrapment efficiency of ZMT was calculated according to Equation 1.
In-vitro drug release studies
In vitro ZMT release profile of selected nanoparticles was determined using dialysis membrane in USP II dissolution apparatus (Yang et al., 1999) . The nanoparticles were kept in dialysis membrane-150 with a molecular weight cut-off of range of 12 -14 kDa (Hi-Media, Mumbai, India) and tied with rotating paddle at 100 rpm. An aliquot was withdrawn at different time intervals of 0, 5, 10, 20, 30.... up to 240 min and analyzed simultaneously by UV spectrophotometry at 222 nm. Further drug release pattern was fit in different kinetic modeling (Costa and Lobo, 2001 ).
Zeta potential measurement
To study surface charge and stability, a zeta potential of optimized nanoparticles was measured using a Zetasize analyser (Nano partica SZ 100, Horriba, Kyoto, Japan). The analysis was based on laser doppler electrophoresis (LDE) method. 
Statistical Analysis
The design and statistical analysis were performed by licensed version of Design-Expert® V8 (DX8) Software (Stat ease MN, USA). The measured responses for particle size and entrapment efficiency were subjected to the regression analysis, polynomial model fitting, analysis of variance (ANOVA) and other statistical parameters. Y = β0+ β1X1 +β2X2 + β3 X1X2+ β4X1 2 + β5X2 2 ------------(2)
The generalized regression model equation is represented in Equation 2 , where Y is a response variable (CTQ), 0 is the arithmetic mean response of all 9 runs; and 1-5 represent estimated coefficients for the factors X1 and X2, respectively. The main effects (X1 and X2) represent the average result whereas the term X1X2 represent the interaction, shows how the response changes when 2 factors are simultaneously changed. The second order terms X1 2 and X2 2 indicate the quadratic effect (Mandlik et al., 2009 ).
Numerical and graphical optimization and validation
To confirm the applicability of the established model equations for optimization of responses, a design was validated using numerical and graphical optimization method (Statease-1, 2012). The numerical optimization was applied to target the goal for each response to generate the optimal conditions. In graphical optimization, minimum and maximum values for each response were set to create an overlay plot highlighting operating window (area of operability). As per the predicted values of independent variables, nanoparticles were prepared and characterized later differences in the predicted and experimentally obtained values of responses were compared by using student's t test.
RESULT AND DISCUSSION
The present study was researched to prepare nanoparticles of an antimigraine drug, ZMT, in combination with the chitosan biodegradable polymer using the ionic interaction method. Drug-excipients interaction studies were performed by differential scanning colorimetry and FTIR spectroscopy. The DSC thermogram of pure ZMT and physical mixture of ZMT with both chitosan and STPP exhibited sharp endothermic peak at 140⁰C corresponding to melting point of pure drug as shown in the Fig. 1 . The FT-IR spectra 
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of pure ZMT showed characteristics peaks at 1234 cm -1 indicates C-O bond, 1409 cm -1 indicates C=C stretching vibration, 1733 cm -1 indicates C=O stretching vibration and the peak at 3350 cm -1 indicates N-H bond which is depicted in overlain spectra (Fig. 2) . FT-IR studies showed the formation of a hydrogen bond between drug and chitosan. Similarly, IR spectra of pure ZMT and its physical mixtures (1:1) did not show any significant differences which evidenced the compatibility of ZMT and excipients used.
The preliminary studies were carried out for the selection of new approach for ionic interaction using a cyclomixer, concentration range for chitosan and STPP. The cationic nature of chitosan allows ionic cross-linking with multivalent anions of STPP to form nanoparticles. As per 3 2 factorial design, nine batches of ZMT-loaded nanoparticles were prepared by changing the concentration of two independent variables, chitosan and STPP. The design matrix of nine runs with obtained results is mentioned in Table 2 .
The values of all the 9 batches showed variation in particle size from 151 nm to 800 nm and 68.8% to 81.2% in entrapment efficiency. The particle size increases dramatically with increasing concentration of both chitosan and STPP but amongst them, an effect of chitosan concentration was significant than STPP. Initially EE tended to increase with increase in concentration of ZMT however maximum drug entrapment was obtained for Z7 batch prepared with highest concentrations of chitosan and lowest concentration of STPP but the particle size was 430 nm which was beyond the desired goal.
The entrapment efficiency obtained for a Z5 batch was 80.6% with the desired particle size (161 nm) so it was considered as an optimized batch for further characterization. The particle size distribution, TEM micrograph of optimized Z5 nanoparticles is presented in Fig. 3 and 4 respectively. The TEM micrograph showed spherical shaped nanoparticles with smooth surfaces. The magnitude of the zeta potential predicts colloidal stability. Zeta potential of the optimized Z5 nanoparticles was found to be +23.7 mV (Fig. 5) which assures the stability of colloidal nanoparticles. The positive values of zeta potential specify that the nanoparticles surface was positively charged which may be attributed due to presence of amino groups of chitosan on the surface of nanoparticles (Thode et al., 2000; Vila et al., 2004) . Zeta Potential values greater than +20 mV or less than -20 mV typically have high degrees of stability. A high zeta potential value of nanoparticles shows the extent of electrostatic repulsion between all the adjacent like charged particles which contributes to the prevention of colloidal aggregates (Gan et al., 2005) .
The in vitro release profile of optimized Z5 nanoparticles in phosphate buffer solution (pH 7.4) is shown in Fig.  6 . Initial burst release was observed, with about 40 % ZMT being released in 10 min which may be due to availability of ZMT on the surface of nanoparticles (Seju et al., 2011) , followed by slow release of drug which was encapsulated in nanoparticles. More than 90% drug was released at 4 th h. The slow release was due to slow diffusion rate of ZMT through polymeric nanoparticles (Shah et al., 2009) . The data obtained from in vitro drug release studies was fitted to different dissolution kinetics models and KorsmeyerPeppas model was found to be a best fit model with R 2 0.998. The release exponent (n) value was 0.266 (<0.5) which characterizes the Fickian diffusion transport mechanism (Peppas, 1985) .
The obtained data were fitted into different polynomial mathematical model and a best fit model was suggested by the design expert software depending on parameters such as p value, adjusted determination coefficient (adj. R 2 ), predicted determination coefficient (pred. R 2 ) and PRESS (predicted residual sum of square) values as mentioned in Table 3 and Table 4 . The predicted R 2 value for Y1 and Y2 are in reasonable agreement with the adjusted R 2 value. The analysis of variance (ANOVA) for both responses shown in Table 5 was used to measure the significance of models. For the particle size (Y1), both linear and quadratic model were found to be fit with respect to its p value (Table 3 ). The adjusted R 2 and PRESS values were compared and lesser the PRESS value, better is the model fitting. The adjusted R 2 value and PRESS value for the quadratic model were found to be 0.9560 and 80596.7 respectively, indicating adequate fitting of model. The model F-value of 35.797 implies the significant model. A p value of "Prob > F" was 0.0071 less than 0.0500 indicate model terms are significant. Hence, a quadratic model was found be significant for particle size (Bolton and Bon, 2004) . Adequate precision is a measure of the range in predicted response relative to its associated error, it measures signal to noise ratio. The ratio for Y1 was 16.649 indicates an adequate signal. (A desired value should be 4 or more.). The In equation 3, the average coefficient of quadratic model was 200.67. The coefficient for individual chitosan and STPP were 229.50 and 99.67 respectively. This indicates that effect of chitosan concentration on nanoparticle size was more pronounced than STPP. This was also confirmed graphically by 3D response surface plot and 2D contour plot. The elliptical contour lines signify a best quadratic effect (Fig. 7) .
For entrapment efficiency, the quadratic model was found to be fit with respect to its p value as shown in Table  3 . The adjusted R 2 and PRESS values were compared (Statease-2, 2012; Kumar and Sawant, 2013 The equation 4 reveals that both the factors (chitosan and STPP) have positive effect on entrapment of ZMT in nanoparticles but their interaction was found to be slightly negative. The 3D response surface plots and 2D contour plots are shown in Fig. 8 . The elliptical contour lines confirm the significant quadratic effect of independent variables on EE.
It was observed from the response surface plots and contour plots that optimum concentration of chitosan (2 mg/ml) and STPP (1 mg/ml) were required for preparation of nanoparticles with desired particle size and entrapment efficiency. From the results, the optimum levels of independent variables were screened out by regression analysis. Through numerical and graphical optimization process, the goals of responses were set to 175 nm for particle size and 80% for entrapment efficiency. Further to validate the predicted responses, software suggested levels -0.03 and 0.20 for X1 and X2 respectively. The calculated desirability factor for suggested levels was 1, which indicated suitability of the model. After graphical optimization, overlay plot (Fig. 9 ) displays the area of feasible response values in the factor space. The yellow highlighted area shows desirability of 1 suggesting optimized zone of operability. Further prepared nanoparticles did not show significant difference between predicted values and experimentally obtained values (Y1 .178.00 nm and Y2 .80.55%). The t-test was applied between the actual and predicted values of X1 and X2 and p value >0.05 was observed. Therefore, it confirms the validity of quadratic model equations to achieve desired responses of nanoparticles.
CONCLUSIONS
The present study demonstrated the use of two factor and three level factorial design as an experimental design method to understand the effect of various input variables in the prediction of desired responses with limited number of experiments. IR spectroscopy and DSC studies confirmed non-interaction between drug and excipients. ZMT loaded chitosan nanoparticles were prepared by modified ionic gelation method. The optimized NPs had small PS and high entrapment of ZMT. These stable nanoparticles exhibited initial burst followed by slow release and followed Fickian diffusion type release kinetics. Both responses were statistically analyzed with significant results. Quadratic polynomial equation was validated using numerical and graphical optimization. Thus, using systematic factorial design approach, desirable goals can be achieved in shortest possible time with reduced number of experiments. 
